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Its core characteristics are:
► demand elasticity of virtualized computing resources ► consumption-based pricing model ► elimination of up-front investments for customers ► low maintenance costs for customers ► provision of services over the Internet
Looking at these characteristics, the cloud computing model appears to have great appeal for both our private and business customers. However, it is not the solution to all their needs. Major obstacles and problems [Armbrust et al., 2009] 
I have cleared my diary for this Tuesday afternoon and will see you, as agreed on the phone, in Conference Room 1 at 2.30 p.m. (Signed) Markus

LOCATION: CONFERENCE ROOM 1
Markus: I now have a good overview of what cloud computing is and what problems it faces. But I am still a bit uncertain about how it really differs from existing concepts like Software as a Service (SaaS). I think that it would be a good starting point to look at it from an historical perspective.
When pulling together this brief history of computing (see Exhibit 5), I concluded that the development follows a certain pattern. You can easily see the different streams from local calculating machines, to central mainframes, via personal computers and handheld devices, to the new quasi-centralization trend evident in cloud computing. What the timesharing models of computing were for the mainframe era, cloud computing appears to be today.
However, cloud computing is more elaborate and, importantly, provides the basis for different sorts of services. Youseff et al. [2008] describe this as a layered model of services (see Exhibit 6). The backbone of cloud computing is the hardware and the software kernels needed to virtualize those resources. On top of this, cloud computing infrastructure services are layered-for example, Amazon's Elastic Compute Cloud (EC2) or its Simple Storage Service (S3). The next level of abstraction is platform services. These services provide a development and runtime environment for applications that automatically assigns computing resources on demand. For example, Google is establishing a platform called App Engine.
On top of the platform layer, various applications are offered as a service. Thus, the SaaS concept is inherent in cloud computing, accompanied by new service offerings, including Platform as a Service (PaaS) and Infrastructure as a Service (IaaS). Even Hardware as a Service (HaaS) could be included at the base of the layered model.
John:
Perhaps, we could look at cloud computing from a different point of view.
Let's consider it from an IT provisioning perspective. There, it has the potential to revolutionize the mode of computing resource and application deployment, breaking up traditional value chains, and making room for new business models.
Many providers like Amazon, Google, IBM, Microsoft, Salesforce, and Sun could position themselves as infrastructure and platform providers in the cloud computing market. Other providers would build their own applications or consulting services on those infrastructure and platform services.
This would probably lead to a whole ecosystem of service providers, offering specialized services on different levels of the layered model. You could surmise that other new players would emerge, including aggregators, who bundle existing services into new products, or integrators, who align an individual company's on-premises computing with cloud services. It seems highly likely that we would also see the emergence of consulting companies specializing in cloud computing.
Markus: When I was researching this topic, I found such a diversity of estimates that it was difficult for me to judge the actual or potential size of the cloud computing market. A major factor, of course, is the fuzzy definition of cloud computing services. Estimates of the market size, measured in worldwide revenues for 2008, vary between $16 billion (IDC) [Gens, 2008] and $46 billion (Gartner) [Pettey and Stevens, 2009] . The market analysts at IDC forecast a compound annual growth in cloud computing revenue of 26 percent compared to 4 percent for on-premises IT, up to 2013. This would result in revenue of $44 billion from their estimated base, equal to 10 percent of worldwide IT spending [Gens, 2009] . Using the Gartner forecasts, cloud computing revenues could reach $150 billion in 2013 [Pettey and Stevens, 2009] . Although these numbers vary significantly, one fact is clear: Cloud computing is a fast growing market, and it will reach a significant proportion of the IT services market.
CONTEXT
Exhibit 8 provides more information on IDC's market forecasts for cloud computing.
John:
Let's consider each of the characteristics that you identified in your e-mail before trying to link them.…
CONTEXT
Two hours later.
John:
We have made a lot of progress. Now, we need to open it up for discussion. I will get the boss on-side and then ask Peter (Group Executive for Strategy) to circulate a short briefing paper for the strategy forum outlining ITSP's business model. Would you please forward your e-mail to the team, and I will circulate an agenda for the planning session and ask the participants to do some homework. This is going to be a major challenge.
Thank you for getting us started. Figure 1 ).
CONTEXT
BRIEFING NOTE ON ITSP'S BUSINESS MODEL
ITSP's Business Model
Figure 1. ITSP's Portfolio of Business Activities
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The business model is mainly project-based, selling customer-specific solutions. 
CONTEXT
Several weeks before the ITSP bi-annual strategy forum, John Lane and Markus Johnson meet again in
Conference Room 1 to agree on the strategy challenges to be addressed.
John:
From what you explained at our last meeting, Markus, cloud computing looks to me like a disruptive technology. We have to act now if we don't want to be left behind. But it's not that easy. Even if we knew which cloud computing services to offer, we would still have to develop the capabilities to deliver them. Just as a start, we need to develop the capability to sell a server for a month, or a day, or even an hour-not for three years. Right now, we can't do that. Our resource utilization and billing mechanisms just couldn't handle it. And there are other issues involved as well…. I don't even want to think about the legal aspects.
Markus: I see several needs and possible courses of action. I think we agree that we need to respond to Amazon and Google's offerings. But, rather than rushing in and acting like headless chickens, we need to understand what our customers want and how they could benefit from cloud computing offerings. I believe that we have a unique selling proposition that Amazon can't match. We should analyze our company's strengths to see what we can offer or where we should develop new services. We shouldn't just copy existing offerings that others are better at delivering. Those were your words, John, when we met last time.
John: I think that we also need to understand how the cloud computing paradigm could really hurt us if we don't respond to the market needs. We should ask: -What will the IT world look like in five years?‖ before we ask: -How could we be part of it?‖ Markus: What I really want to discover are some powerful scenarios for those cloud computing offerings. I'm looking for a real-life, killer application. Let's think about different customers, including private consumers. We should always think first about the customer.
CONTEXT
One and a half hours later.
John: OK. We have five specific questions for the participants in the forum to address and a general strategy question, which requires that we integrate the answers to those earlier questions. Let's see what they come up with.
LOCATION: STRATEGY FORUM
John: Thank you for coming. I know that each of you is aware, from the briefing note, e-mails and your own research, that ITSP faces perhaps the greatest challenge of its history. Certainly, I've seen no greater challenge in the four years since I became Head of Portfolio and Innovation Management.
In your folder, you will find details of the process that we will follow today. First, you have been assigned to a team to address one of five questions. Your team has one hour to formulate a response to the question allocated to you.
Each of you is then assigned to a new group to answer a general strategy question directed to ITSP's strategic future. The teams in the second round will have members who have worked on each of the five questions. So the newly formed groups addressing the general strategy question can draw on the insights gained from the analysis of the five questions from the first round. You have two hours for the second task before presenting your ideas in a plenary session after lunch. Each team will select a team leader to present. We have provided you with background information on the cloud computing market to help you prepare your answers (see Exhibits 7 and 8).
The questions for the first round are: The general strategy question for the second round is: What is ITSP's long-term strategy to create value by restructuring the industry value chain and capturing -its share‖ of the value created?
Markus will answer any questions that you have before we begin work. -When we launched Amazon EC2 over two years ago, the idea of accessing computing power over the web was still a novel idea. Today a diverse array of businesses drawn by the benefits of cloud computing-cost savings without giving up speed, reliability, flexibility, and performance-are running EC2 for all types of applications,‖ said Peter De Santis, General Manager of Amazon EC2. -We've listened closely to our customers for the past two years and worked backward from their requirements, adding important new features such as those we are announcing todayWindows support and a Service Level Agreement.‖…
With over two years of operation and many highly-requested features added, Amazon EC2 is today exiting its beta into general availability and offering customers a Service Level Agreement (SLA). The Amazon EC2 SLA guarantees 99.95% availability of the service within a Region over a trailing 365 day period, or customers are eligible to receive service credits back. The new Amazon EC2 SLA is designed to give customers additional confidence that even the most demanding applications will run dependably in the AWS cloud.
New Features for Amazon EC2 in 2009:
To help customers better plan their future hardware and software investments, AWS today announced plans to release several new features in 2009 that will make managing cloudbased applications even easier. Thousands of customers employ the massive compute power of Amazon EC2 to build highly scalable and reliable solutions. AWS will deliver additional features that automate customer usage of Amazon EC2 for more cost-efficient consumption of compute power and provide greater visibility into the operational health of an application running in the AWS cloud. These features include:
► Load Balancing-Enables customers to balance incoming requests and distribute traffic across multiple Amazon EC2 compute instances.
► Auto-Scaling-Automatically grows and shrinks usage of Amazon EC2 compute capacity based on application requirements.
► Monitoring-Enables customers to monitor operational metrics of Amazon EC2, providing even better visibility into usage of the AWS cloud.
► Management Console-Provides a simple, point-and-click web interface that lets customers manage and access their AWS cloud resources.… Amazon also offers Instances with proportionally more CPU resources than memory (RAM). High-CPU Extra Large Instances, for example, offer 7 GB of memory, 20 EC2 Compute Units (8 virtual cores with 2.5 EC2 Compute Units each) and 1690 GB of instance storage (64-bit platform).
EXHIBIT 3: AMAZON'S EUROPEAN PRICES [2010]
An EC2 Compute Unit provides the equivalent computing power of a 1.0-1.2 GHz 2007 Xeon processor. Discount options are offered for users who may reserve an instance to receive lower hourly usage rates.
Reservation prices range from $227.50 per year (Small; $0.04 per hour of usage) to $1820 per year (High-CPU Extra Large; $0.32 per hour of usage). Different prices may apply due to licenses for software (e.g., databases, application or streaming servers, etc.), pre-installed in the Amazon Machine Images. Auto-scaling and load balancing between instances is charged separately. With the termination of an instance, data in its storage vanishes. Amazon Elastic Block Storage (EBS) offers persistent storage that is replicated. The option to create point-in-time consistent snapshots of volumes is also available.
EXHIBIT 4: GARTNER'S HYPE CYCLE FOR EMERGING TECHNOLOGIES [2008] Figure 2. Gartner's Hype Cycle for Emerging Technologies [2008]
Source: Fenn et al. [2008] Explanation: Gartner's Hype Cycle describes the relative maturity of technologies. The graphical depiction highlights overhyped areas against those that are in productive use. Gartner also estimates how long technologies and trends will take to reach maturity to provide a decision basis for organizations on when to adopt.
The Hype Cycle starts with the launch of an emerging technology or initial media interest, as a trigger. The technology then typically receives a lot of publicity, which generates over-enthusiasm and unrealistic expectations. There may be some examples that utilize the technology successfully but the majority of projects fail, leading to disillusionment, because expectations could not be met. Although the media lose interest in the topic, some companies could continue experimenting with the technology, gaining experience in its use and identifying benefits and practical application. If the technology is proven to be of use, it reaches the productivity phase.
The height of the plateau depends on the extent of application and use.
EXHIBIT 5: HISTORY OF COMPUTING
From a technological perspective, cloud computing is an advancement of computing, having its roots in the construction of the calculating machine in the early seventeenth -century [von Freytag-Löringhoff and Seck, 2002] .
Development continued with the invention of the analytical engine [1837] , the logical engine [1885] and the tabulating machine [1890] [Babbage, 1864; Burack, 1949] .
The history of modern computing began with the invention of the first computers (Z3 in 1941 and ENIAC in 1945) [Goldstine and Goldstine, 1946; Rojas, 1997] . Following that phase, the pace of progress increased. The 1960s and 1970s were the age of mainframe computing. Central computing resources were harnessed through terminals that provided the input and output devices to interact with the computer.
With the development of the first microprocessor (1969), hobbyists began to construct the first home computers, some years before mail-order kits such as the Altair 8800 were sold in 1975. Other computer manufacturers, such as Apple, Atari, and Commodore entered the market for computer home users, before IBM introduced its personal computer (PC) in 1981 [Freiberger and Swaine, 2000] . With that development, the pace increased rapidly, the diffusion of PCs spread significantly and an increasing miniaturization led to the development of laptop computers and mobile devices.
Another important technology that paved the way for cloud computing was the development of the ARPAnet [1969] , a communications network that evolved into today's Internet [Freiberger and Swaine, 2000] . By the 1990s, services such as e-mail and the World Wide Web, a hypertext-based information management system, gained popularity. Technologies such as Java, Ajax, WebServices, and many more supported the development of rich, interactive websites. Eventually, around 2000, whole applications could be deployed over the Internet, and were characterized as -Software-as-a-Service‖ [Bennet et al., 2000; Finch, 2006] . Analogous to the provision of software via the Web, computing resources could also be accessed via the Internet. For scientific purposes in particular, grid computing became popular in the early 1990s [Foster and Kesselman, 2003 ].
EXHIBIT 6: A LAYERED MODEL OF CLOUD COMPUTING Figure 3. A Layered Model of Cloud Computing
Source: Youseff, Butrico, and Da Silva [2008] Explanation: To develop a comprehensive understanding of cloud computing and its relevant components, Youseff et al. [2008] were among the first to suggest a unified ontology. According to their layered model, cloud computing systems fall into one of five layers: applications, software environment, software infrastructure, software kernel, and hardware. Each layer represents a level of abstraction, hiding all underlying components from the user and thus providing simplified access to the resources or functionality.
At the point of user interaction, the cloud application is the most visible layer for the end-customer. It is usually accessed through Web-portals and thus builds the front-end, with which the user interacts when using cloud services. A -Service‖ in the application layer may actually consist of a mesh of various other cloud services, but appears to the end-customer as a single service. This model of software provision, also referred to as Software-as-a-Service (SaaS), appears an attractive option for many users. The cloud software environment layer (also called software platform layer) provides a programming-language environment for developers of cloud applications. It also offers a set of welldefined application programming interfaces (API) to utilize cloud services and interact with other cloud applications.
The cloud software infrastructure layer provides resources to other higher-level layers that are utilized by cloud applications and cloud software platforms. The services offered in this layer are commonly differentiated into computational resources, data storage, and communication. The backbone of each cloud computing service is formed by the physical hardware, which is managed through software kernels such as Hypervisor or Virtual Machine Monitors.
Salesforce.com: Salesforce.com (founded 1999) is one of the leaders of the Software-as-a-Service market, which is now considered to be a component of cloud computing. Their latest initiative is to enter the Platform-as-a-Service market that could fundamentally transform businesses. The major product is a set of CRM tools including Salesforce automation, analytics, marketing, and social networking tools, and Force.com, a platform for developing Web applications which are deployed on the Salesforce infrastructure. Salesforce.com has more than 50,000 customers in various industries such as communications and media, energy, healthcare, financial services, and retail. IDC [Gens 2008; Gens 2009] 
